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INTRODUCTION

RESULTS

Impact sounding signal has been shown containing information
about the flaws of structural integrity and subsurface objects from
previous researches. As a non-destructive testing (NDT) method,
one of the biggest challenges in impact-sounding based inspection
is the subsurface targets detection and mapping.
In order to address this issue, we implement a robotic solution to
obtain the positioning information during the inspection. By
combining the pose data and acoustic data, we develop a 3D map
to highlight the possible subsurface objects. The experimental
results demonstrate the feasibility of the method.

• The FFT frequency analysis result over the signal of interest is
illustrated in the figure below. We could find that the energy of
the echo sounding signal is absorbed by the pipe beneath.

METHODS
Our proposed robotic inspection system consists of three parts:
1. Visual Pose Tracking System
• Robot move and stop at specific location
• Our tracking system takes advantages of an RGB-D camera
and Visual Inertial simultaneous localization and mapping
(SLAM) to provide robust 6-DOF position and orientation
information on-the-fly at 30Hz rate.
• The positioning accuracy could reach to 2cm which would
meet the requirement of the Inspection System
2. Acoustic Inspection System
• An impact sounding system collect acoustic measurement
data to reveal subsurface flaws. This system includes a
solenoid to provide the impacting action as well as a
microphone to record the echo sound.
• Two operation modes:
a) Manual inspection mode, the operator choose the location
and make acoustic measurement through the Android
remote controller.
b) Automated inspection mode: the system triggers the
solenoid automatically at 0.5 HZ rate.
3. Data Analysis System
• The impact sounding signal is firstly processed by Fast
Fourier Transform (FFT) and then analyzed with Power
Spectral Density (PSD) method.

• Then we use PSD method to visualize the amplitude of the
signal with cool and warm colors. Furthermore, we register
this frequency density (FD) map on the slab with the trajectory
data from tracking system.
Each star in the registration map indicates the position of
impact-sounding test.

• Finally, we depict our FD analysis in 3D map by adding
pipes information from the ground truth to demonstrate
feasibility of our proposed method.
• The 3D FD map indicates that the pipes are located at
regions with relatively low energy level since the area with
pipe would absorb the echo sounding energy,

the
the
the
the

CONCLUSIONS
This poster introduces an automatic impact-sounding inspection
system that is able to create a comprehensive representation of
the subsurface inspection results. This robotic impact sounding
system implements visual inertial SLAM to estimate the pose of
the robot while collect the sounding data. Based on the sounding
data analysis of the frequency density map, an improved
acoustic inspection and 3D registration method is implemented
for better visualization. The experiments show the effectiveness
of our proposed 3D subsurface objects detection and mapping
methodology.
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